Long-term research on the malacofauna of the Beskid Mały, one of the ranges of the Western Beskidy Mts, was based on flood deposits of the streams cutting through the massif. Samples from limestone areas (called Andrychów Klippes) and those from the Żurawnica massif complemented the material. The total of ca. 400 samples yielded 78 species of terrestrial snails. The malacofauna was characterised in terms of its ecological and zoogeographical composition. The material provided the basis for determining the zones of occurrence and distribution of the component taxa within the Beskid Mały range. The ecological, zoogeographical and species diversity of the assemblages made it possible to distinguish four types of fauna, each connected with certain parts of the Beskid Mały range, which differ in their geological structure, relief and the degree of anthropogenic transformations.
INTRODUCTION
Research on the malacofauna of the Polish Carpathians started in the late 19th century. Since then numerous papers on mollusc fauna inhabiting parts of this mountain range have been published (stobiecKi 1880 , 1883 , Kotula 1884 , bąKoWsKi 1883 , 1884 , UrbańsKi 1932 , 1939 , 1962 , dydUch-FalnioWsKa 1991 , stWorzeWicz 2000 , sUliKoWsKa-drozd 2002 , alexandroWicz 2003 , sUliKoWsKadrozd & horsáK 2007 , KaszUba & stWorzeWicz 2018 . Papers on the malacofauna of certain vegetation formations have also been published (dzięczKoWsKi 1971 (dzięczKoWsKi , 1972 (dzięczKoWsKi , 1988 , as well as on molluscs living in anthropogenically transformed areas, for example ruined castles (alexandroWicz 1995 (alexandroWicz , 2013a . In this context the malacofauna of the Beskid Mały has been very little studied. The main purpose of this paper is to characterise the range's mollusc fauna and to estimate the species diversity and distribution in its various parts.
The major part of the material was obtained from flood deposits which accumulate on valley floors and floodplains during high water levels. Their characteristics depend on a number of factors, for example the shape and course of the river or stream bed, width, height and form of floodplain. Other factors include the presence of natural and/or anthropogenic barriers (bushes, tree trunks, hydrotechnical objects, bridge pylons). The principal components of flood sediments are wood fragments and plant debris, fine sand and mud, as well anthropogenic waste. Mollusc shells are often present in such sediments (e.g. alexandroWicz 1997a , 2002 , ČejKa et al. 2008 , MyšáK & horsáK 2011 , ČiliaK et al. 2015 .
Mollusc shells are characterised by relatively poor resistance to mechanical impact, especially in high-energy environments. As a result, during floods shells are transported only for relatively short distances (e.g. alexandroWicz 2000a , b, c, Ilg et al. 2009 , alexandroWicz & alexandroWicz 2011 . Shell accumulations in sediments (thanatocoenosis; WasMUnd 1926) can be indigenous or paraindigenous (allocoenosis or even necrocoenosis; https://doi.org/10.12657/folmal.027.026
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alexandroWicz & alexandroWicz 2011). Thus, they are limited to relatively small areas and their species composition is very similar to that of living malacocoenoses of the area adjacent to the sediment deposition. This method has been successfully used in faunistic studies (e.g. alexandroWicz 1997a , 2000a , b, c, 2002 , ČejKa et al. 2008 , Ilg et al. 2009 ), in particular for qualitative analyses, while determining whether particular species are present in the area.
STUDY AREA
The Beskid Mały is a part of the Western Beskidy Mountain range ( Fig. 1A) . It is a small range extending for 35 km in W-E direction and 15 km in N-S direction. The Beskid Mały range is divided into two uneven parts by the meridionally running Soła River valley. The smaller western part culminates in the highest summit of the range -Czupel (933 m a.s.l.). The malacological studies were conducted in the eastern part of the Beskid Mały range ( Fig. 1B ). It consists of three main ridges converging in the Leskowiec massif (922 m a.s.l.). The study area is built of Cretaceous and Palaeogene flysch formations assigned to the Silesian, sub-Silesian, and Magura units represented by sandstones and shales, with a smaller proportion of conglomerates. The northern part is characterised by the presence of formations with the prevalent shales assigned to the Silesian and Sub-Silesian units. The most important lithological units in the region are lower Cretaceous beds: Wierzowa and Lgota belonging to the Silesian Unit (KsiążKieWicz 1932 , 1951 , Paul et al. 1996 . In the middle and southern parts upper-Cretaceous and Palaeocene thick-bedded sandstones and conglomerates (Godula and Istebna beds) of the Silesian Unit are predominant (KsiążKieWicz 1932 , 1951 , Paul et al. 1996 . In the region of the town of Sucha Beskidzka thick-bedded, slightly calcareous sandstones and conglomerates appear. These are the Ciężkowice beds of the Magura Unit. They form the small range of Żurawnica (alexandroWicz & alexandroWicz 2006 , cieszKoWsKi et al. 2006 (Fig. 1B) . The lithological features of the bedrock determine the morphology of the area. Its northern part is characterised by a moderately hilly relief and wide, flat-bottomed valleys. The area is mostly deforested. In the zone of the Godula and Istebna beds steep hills are overgrown by solid forest complexes, chiefly spruce-beech-fir forests with patches of Carpathian beech forest (Dentario glandulosae-Fagetum). The massif is cut through by narrow valleys with relatively steep slopes. Farmland and pastures cover only the lower parts of the slopes. In the last 2-3 decades the farming activities in the Beskid Mały range have been greatly limited and formerly cultivated fields have been taken over by scrub communities and young forests.
In the northern part of the study area, in the environs of the town of Andrychów, there are four isolated spots with carbonate rock: the upper-Jurassic, upper-Cretaceous and Palaeogene limestones and marls representing the Andrychów series (KsiążKieWicz 1932 , 1951 , GasińsKi 1998 (Fig. 1B ).
MATERIAL AND METHODS
The material was obtained mostly from flood deposits accumulated in stream valleys during summer floods and short-term storm high water levels. The material was collected for over a decade, starting in 2001. More than 250 samples of the sediments were taken in 11 valleys: Choczenka (CH), Ponikiewka (PO), Rzyczanka (RZ), Targaniczanka (TR), Wielka Puszcza (WP), Kocierzanka (KO), Stryszawka (ST), Tarnawka (TA), Jaszczurówka (JA), Bulówka (BU), and Pilny Potok (PP) ( Fig. 1B) , following the methods specified by alexandroWicz & alexandroWicz (2011). The material obtained after the flood of July 2001 (35 samples) was dealt with in an earlier paper (alexandroWicz 2002) . Additional samples were taken in the area of carbonate outcrops near Andrychów with the use of 5 × 5 cm square frame (dzięczKoWsKi 1972 (dzięczKoWsKi , 1988 . The research was conducted since the 1990s, initially at the locality of Pańska Góra (Pg) and then also at nearby limestone quarries (Roczyny (Ro), Targanice (Tg), and Inwałd (In)) ( Fig. 1B) . The total number of samples from the area called Andrychów Klippes was 120; 30 of them were selected as the basis for an earlier paper (alexandroWicz 1994). The materials were supplemented by the results of malacofaunal analyses from the range of Żurawnica (alexandroWicz & alexandroWicz 2006) ( Fig. 1B) and by distributional data from the literature (riedel 1998 (riedel , WiKtor 2004 .
A total of ca. 400 samples provided the basis for research. The samples were dried and then complete mollusc shells and identifiable fragments were included in the analysis. The identification was based on guides (Kerney et al. 1983 , WiKtor 2004 , Welter-schUltes 2012 , horsáK et al. 2013 and comparative collections. Slugs (Agriolimacidae, Arionidae, Boettgerillidae, Limacidae and Milacidae), freshwater snails and bivalves were excluded from the analysis. The classification into ecological groups was based on schemes developed by ložeK (1964) 
RESULTS AND DISCUSSION
The mollusc fauna of the eastern part of the Beskid Mały range is rich and diverse. It includes 78 species of terrestrial snails, representing 22 families presently living in the Beskid Mały, and three taxa which have gone extinct in the area during the last several decades (Table 1) . Compared with other ranges of the Flysch Carpathians, the malacofauna shows a similar species diversity: Babia Góra massif -78 species (alexandroWicz 2003 (alexandroWicz , 2011 , Gorce -53 species (KaszUba & stWorzeWicz 2018), Tatra Mts -70 species (dydUch-FalnioWsKa 1991). Richer and more diverse mollusc assemblages are known from the Pieniny Mts -84 species (UrbańsKi 1939 , stWorzeWicz 2000 , the Podhale Basin -81 species (alexandroWicz 1997b (alexandroWicz , 2000b (alexandroWicz , c, 2013b and Bieszczady and Beskid Niski Mts -90 species (stWorzeWicz & PaWłoWsKi 2000 , sUliKoWsKadrozd 2002 , sUliKoWsKa-drozd & horsáK 2007 . Nevertheless, it should be emphasised that these areas are built mostly of carbonate rocks (limestones and/or dolomites -the Tatra Mts and the Pieniny Mts) or from strongly calcareous flysch formations (the Podhale Basin). The great content of carbonates in the bedrock favours mollusc diversity. In accordance with the data presented by riedel (1988) 105 species of terrestrial shelled snails live in the Polish Carpathians. 
ECOLOGICAL COMPOSITION OF THE FAUNA
The component species of the analysed assemblages were classified into nine ecological groups (see Table 1 ). The greatest proportion (43 species; 55% of the fauna) is formed by species typical of shaded habitats (ecological groups F F , F B and F H ). Shade-loving species preferring dense forests of low or moderate soil moisture (group F F ) include 25 taxa. Some of them occur commonly in the whole massif (e.g. Platyla polita, Aegopinella pura, Isognomostoma isognomostomos), while the others were found only in single localities (e.g. Cochlodina laminata, C. orthostoma, Semilimax semilimax). Species typical of sparse, light-penetrated forests (group F B ) (Discus rotundatus, Alinda biplicata) are less numerous (10 taxa). Hygrophilous shade-loving snails (group F H ) (8 taxa) are particularly characteristic of valley bottoms overgrown by alders and willows (e.g. Columella edentula, Vestia gulo). The very high proportion of shade-loving taxa is undoubtedly associated with the wide distribution of forest communities within the Beskid Mały area. The limitation of agricultural activities during the last decades resulted in an increase of the degree of afforestation ( Fig. 2E, Table 1 ). Open-country species (groups O X and O O ) are represented by 8 taxa (10%). Vallonia pulchella and V. costata are the most numerous while the others are very rare. The small proportion of that group is undoubtedly associated with the low number of open-country habitats. Snails typical of dry, calcareous habitats (Truncatellina cylindrica, Candidula unifasciata and Xerolenta obvia) deserve particular attention. They were recorded in the zone of occurrence of limestones of Andrychów Klippes, particularly in Inwałd and Pańska Góra (alexandroWicz 1994). Only empty shells were found in both these locations. It is likely that the species lived there when limestone was quarried in the area. The quarrying favoured retaining of open and dry habitats, providing favourable habitats for the taxa. When the quarrying ceased, the succession in the sites led to extinction of those snails (alexandroWicz 1994) ( Fig. 2E, Table 1 ). Mesophilous species (groups M D , M I , and M H ) constitute the second predominant group (22 species, 28%). It includes mostly euryoecious taxa of wide distribution (Cochlicopa lubrica, Columella aspera, Euconulus fulvus) ( Fig. 2E, Table 1 ). Hygrophilous species (group H) are few (5 species, 6% of fauna). Their presence is mostly associated with stream valleys, particularly in their lower courses, where the valleys are relatively wide and form floodplains, thus favouring hygrophiles ( Fig. 2E, Table 1 ). Three principal zoogeographical groups are represented in the analysed assemblage. The first includes widely distributed taxa (group HP): Holarctic (Hl), Palaearctic (Pl), European (Ep), and Euro-Siberian (Es) species. The group comprises 34 taxa (44% of the fauna) and includes common species inhabiting almost the whole of the Beskid Mały range (Fig. 2ZG, Table 1 ). An essential role is played by Central-European (ME) forms (27 taxa, 35%). The proportion of lowland-upland snails (Me) and that of mountain species (Ma) is almost the same (Fig.  2ZG, Table 1 ). Conclusions from the malacological studies in other ranges of the Beskidy Zachodnie Mts (Babia Góra, Gorce) (alexandroWicz 2003 , KaszUba & stWorzeWicz 2018 are similar. Evident prevalence of mountain taxa is marked only in the Tatra Mts (dydUch-FalnioWsKa 1991). The snails of limited distribution range (EO) complement the assemblage. This group is not very numerous (17 species, 21%), with Mediterranean (Em) taxa playing the principal role. The small number of Boreal-Alpine (Ba) forms is the point of interest here (Fig. 2ZG, Table 1 ).
DISTRIBUTION OF MALACOFAUNA IN THE BESKID MAŁY RANGE
The studies covered considerable areas in the eastern part of the Beskid Mały. Owing to the high number of localities, it was possible to determine the areas of occurrence for particular species within this mountain range. Constancy analysis (C) made it possible to indicate common species, as well as rare taxa whose occurrence is limited to its parts, and sometimes only to single, isolated sites. Among the 78 species found in the Beskid Mały, 34 taxa (44% of the assemblage) occurred in at least 60% localities (constancy classes V and IV) ( Fig. 3, Table 1 ). These are the taxa whose distribution includes practically the whole area of the Beskid Mały. Twenty two species were found only in single localities (constancy class I) ( Fig. 3, Table 1 ). Distribution of the remaining classes was limited to some parts of the massif (constancy classes II and III) ( Fig. 3, Table 1 ). Approximated distribution of particular taxa of snails in the Beskid Mały range is presented in Figs 4-6.
DIVERSITY OF MALACOFAUNA IN THE BESKID MAŁY RANGE
The dendrogram separated four types of fauna in the Beskid Mały range, of different species composition and ecological and zoogeographical structure.
Type A, with its 66 species, is the richest. It is characterised by a great proportion of shade-loving species, particularly those of compact forest communities. They are accompanied by mesophilous forms. Open-country species and hygrophilous snails constitute complementary elements. Widely distributed taxa (HP) and Central-European species (ME) predominate. The great proportion of mountain species (Ma) is noteworthy. The fauna inhabits the main ridge of the Beskid Mały, namely the Leskowiec-Łamana Skała ridge. It is an area overgrown by dense mixed forests or beech forests with a very small proportion of open habitats (Figs 7 and 8) . Type B includes 52 species. It is characterised by a smaller proportion of shade-loving taxa compared to type A. Species typical of scrub and sparse forests are particularly numerous. The frequency of open-country species and mesophilous forms is also higher. The proportion of Central-European taxa (ME), particularly the mountain ones, is limited at the expense of widely distributed species (HP). The fauna occurs in the northern part of the Beskid Mały range (Figs 7 and 8) .
Type C shows the smallest species diversity (34 taxa), however, some of its component species do not occur in the other types of fauna. They include Pupilla muscorum, Merdigera obscura, Euomphalia strigella, Candidula unifasciata and Xerolenta obvia. The first two are relatively abundant, particularly Merdigera obscura, and the remaining three were found only as empty shells, often severely damaged (alexandroWicz 1994) . Additionally, these three species are xerophilous and calciphilous forms preferring open and even xerothermic habitats. They lived there at the time when limestone was quarried. The quarries were deforested and dry habitats on calcareous substrate occurred. After the mining ceased the quarries were overgrown, resulting in disappearance of open habitats and extinction of the species in ques- Fig. 6 . Approximated distribution of species in the Beskid Mały (part III). For explanations see Fig. 1 tion (alexandroWicz 1994) . The presented type of fauna is also characterised by a great proportion of open-country snails and by complete absence of hygrophilous taxa. The great proportion of Central-European upland species is noteworthy. The described fauna occurs within the limestone outcrops forming Andrychów Klippes in the northern part of the range (Figs 7 and 8) 
SUMMARY AND CONCLUSIONS
Compared to the other ranges in the Polish Carpathians, the malacofauna of the Beskid Mały is rich and diverse. It includes 78 species of terrestrial snails, a number comparable to those recorded for the Babia Góra massif -78 species (alexandroWicz 2003 (alexandroWicz , 2011 , Gorce -53 species (KaszUba & stWorzeWicz 2018), or Tatra Mts -70 species (dydUch-FalnioWsKa 1991) . Richer and more diverse mollusc assemblages are known from the Pieniny Mts -84 species (UrbańsKi 1939 , stWorzeWicz 2000 , the Podhale Basin -81 species (alexandroWicz 1997b (alexandroWicz , 2000b (alexandroWicz , c, 2013b and Bieszczady and Beskid Niski Mts -90 species (stWorzeWicz & PaWłoWsKi 2000 , sUliKoWsKadrozd 2002 , sUliKoWsKa-drozd & horsáK 2007 . Such a great diversity of the malacofauna in the Beskid Mały stems from a number of factors. The geological structure of the bedrock should be considered a fundamental factor. It affects the chemical composition of the soil, the predominant type of vegetation formations and land relief and, as a further consequence, the suitability of the areas for the purpose of human settlement and agriculture. The northern part of the area is situated in the zone made of shale complexes of the Sub-Silesian and Silesian units. The area is characterised by gentle relief and has been deforested and used as farmland for many years. The expansion of scrub and forest communities has taken place only during the last few decades. As a consequence, mesophilous species and forms typical of sparse forests predominate (Type B fauna). The major part of the Beskid Mały range (the Leskowiec-Łamana Skała range) is built of sandstone links of the Silesian unit with a small content of carbonates. The remarkable resistance of those rocks to denudation leads to formation of mountain ranges with steep slopes which are cut by narrow and deep valleys. These areas are overgrown by compact forests with a high proportion of Carpathian beech forest. The mollusc fauna living there shows great species diversity and predominance of forms typical of compact forests (Type A fauna). A unique geological phenomenon in the Beskid Mały range is the occurrence of limestones (Andrychów Klippes). The great carbonate content favours the diversity of malacofauna. Despite these favourable conditions, the fauna identified there is characterised by relatively small species diversity. Additionally, it includes calciphilous and xerophilous taxa (Euomphalia strigella, Candidula unifasciata and Xerolenta obvia), whose populations developed there during the limestone quarrying period. At present, they can be considered extinct in the area (Type C fauna). The Żurawnica range, which is the southernmost part of the Beskid Mały range, is inhabited by the assemblage with predominance of forest-dwellers (Type D fauna).
In the Beskid Mały range several rare and protected snail species were found. Those include the Carpathian endemic and sub-endemic species which are under strict or partial species protection, being listed in the Red Book of Threatened Species in Poland (WiKtor & riedel 1992) and in the Carpathian List of Endangered Species (WItKoWsKI et al. 2003) , as well as the taxa listed in Annex II to the EU Habitats Directive. Also present are some snails not included in the above lists but rare in the Carpathians or with poorly known distribution. This group includes almost 30 taxa. Detailed information on their occurrence in the Beskid Mały and their protection status were described in another paper (alexandroWicz 2019).
